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A  FIELD  OF  PRESSURES  OF  SHOCK  WAVES  DURING  A  POWERFUL  UNDERWATER 
DISCHARGE 

G.S.  Bondarenko 

The  pressure  appearing  during  an  underwater  electrical  discharge 
was  measured  [1,  2,  3,  4,  5,  6],  but  there  is  not  enough  information 
about  it  to  explain  the  spatial  configuration  of  the  field. 

Given  at  present  are  results  of  the  study  of  the  dependence  of 
the  pressure  at  the  front  of  the  shock  wave  on  the  radial  and  angular 
coordinates  with  the  simultaneous  recording  of  the  current  and 
voltage  and  also  the  electroacoustic  efficiency  of  the  discharge. 

The  pulse  voltage  generator  and  the  equipment  used  for  measuring 
the  pressure  of  the  electrical  characteristics  are  described  in  [4]. 
The  measuring  equipment  was  supplemented  by  a  compensator  of 
inductive  shift  of  the  current  and  voltage  phases.  Resistors  of  the 
VS  type  were  used  in  the  high-voltage  arm  of  the  divider. 
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The  discharge  device  with  the  electrodes  knife  (plus)  and  plate 
(minus),  attached  on  a  movable  frame,  can  be  turned  aroui.d  an  axis 
perpendicular  to  the  direction  of  the  discharge  and  passing  through 
the  middle  of  the  discharge  interval.  This  made  it  possible  to  change 
the  angle  between  the  axis  of  the  discharge  and  direction  to  the 
measuring  hydrophone  from  0°  to  180°.  The  discharge  axis  was 
conditionally  directed  from  the  positive  electrode  to  the  negative. 
The  cable  core  RK  103  was  used  as  the  positive  electrode. 

The  triggering  and  measuring  hydrophones  were  assembled  on  a 
movable  plexiglass  plate,  which  could  be  moved  over  a  guide  along  a 
bath.  This  provided  a  change  in  the  distance  to  the  discharge  channel 
of  30  cm  to  80  cm. 

In  the  measuring  microphone  the  sensing  element  was  made  in  the 
form  of  a  cylinder  of  ceramics  of  barium  titanite  with  an  outer 
diameter  of  2.2  mm,  wall  thickness  of  0.3  mm  and  height  of  4  mm.  A 
piezoelectric  element  was  attached  to  a  syringe  needle  by  means  of  an 
epoxy  resin.  The  housing  of  the  needle  was  soldered  to  a  wire 
connected  with  the  internal  wall  of  the  element.  The  insulated  wire, 
connected  with  the  inner  facing,  was  passed  through  the  channel  of 
the  needle  and  soldered  with  the  cable  core.  The  rim  of  the  needle 
was  soldered  to  the  shield  of  the  cable.  For  the  start  of  the  sweep, 
a  microhydrophone  with  a  spherical  piezoelement  with  a  diameter  of  4 
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mm  was  used. 

For  the  measuring  microhydrophones  used,  the  upper  limit  of  the 
passband  vas  700  Hz,  which  corresponded  to  a  time  constant  with 
respect  to  high  frequencies  of  1.5  ms. 

The  calibration  of  the  microhydrophones  was  conducted  by  the 
quasi -static  method. 

Used  in  the  investigation  were  storage  capacitances  of  0.2,  0.5, 
1,  3,  and  4  uF  and  discharge  voltages  of  30,  40,  50,  and  70  kv.  The 
liquid  gap  varied  from  30  mm  to  50  mm.  This  allowed  obtaining 
periodic,  aperiodic  and  transient  dischargers. 

As  an  example  Fig.  1  gives  voltage  and  current  oscillograms  for 
the  discharge  of  V»50  kV,  Ol  mF,  and  /-50  mm. 


Fig.  1.  Voltage  and  current  oscillograms:  C-l  nF ,  V*50  kV  and  /»50 
mm. 


At  an  initial  voltage  of  50  kv,  the  discharge  current  reaches  a 
maximum  value  of  3.6»104  A  with  a  slope  rise  of  101*  A/s.  The 
discharge  is  periodic  with  a  logarithmic  decrement  of  attenuation  of 
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*«0.933. 

The  effective  resistance  of  the  channel,  calculated  according  to 
the  decrement,  consists  of  «0.42  ohms.  Curves  of  the  electrical 
power  released  into  the  channel  are  plotted  according  to  the  obtained 
voltage  and  current  oscillograms.  The  maximum  power  for  the  discharge 
of  V»50  kV,  C=1  mF,  and  /-50  mm,  reachable  in  the  first  half-period, 
is  23.8*10’  W  with  the  slope  rise  of  7*2. 48*10* *  W/s. 

The  slope  of  the  power  referred  to  the  length  of  the  channel  is 

j-~  4,96.10“  W/ms. 

The  calculation  shows  that  with  the  used  discharge  parameters, 
in  the  first  half-period  70%  of  all  the  energy  stored  in  the  circuit 
is  released  into  the  channel. 

Figure  2  gives  pressure  oscillograms  of  shock  waves  for 
distances  of  30,  40,  50,  60,  70,  and  80  cm  when  0»9O#  (V«50  kV,  C*1 
jjF,  and  f-30  mm).  For  each  position  of  the  microhydrophone,  5-7 
photographs  were  taken.  The  good  repetition  of  the  oscillograms 
should  be  noted. 
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Sjurcr*  2) 

Fig.  T.  Pressure  oscillograms  of  shock  waves  for  distances  of  30,  40, 
50,  60,  70,  and  80  cm,  6*90°.  Key:  1)  at;  2)  us. 

It  is  easy  to  see  that  with  a  change  in  the  distance  from  the 
discharge  axis,  the  shape  of  the  pulse  is  substantially  not  changed. 

Figure  3  gives  a  graph  of  the  dependence  of  pressure  at  the 
front  of  the  shock  wave  on  distance.  For  the  conditions  being 
investigated,  this  dependence  corresponds  to  the  acoustic  law  and  can 
be  expressed  by  the  empirical  formula 


where  a  is  the  coefficient  dependent  on  the  discharge  parameters.  For 
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the  conditions  of  V«50  kV,  C=1  mF,  /* 50  mm,  a»13.16  at.m.  [Sic. 
Translator's  note:  this  is  the  abbreviation  for  "atomic  mass;"  it 
could  be  an  error  in  the  original;  could  also  stand  for  at/m.] 


Figure  4  gives  pressure  oscillograms  for  angles  of  90°,  45°  and 
15°  (V*=50  kV,  C=1  mF,  and  /*30  mm) .  With  an  increase  or  decrease  in 
angle  0  relative  to  angle  0*90°,  the  slope  of  the  pulse  front  is 
decreased,  the  pulse  acquires  a  trapesoidal  shape,  the  pulse  duration 
grows,  and  the  front  of  the  wave  often  becomes  nonshock. 


Fig.  4. 


Fig.  3.  Dependence  of  pressure  at  front  of  shock  wave  on  distance. 
Key:  1)  P(at);  2)  T(cm). 

Fig.  4.  Pressure  oscillograms  at  0-90°,  45°,  15°,  and  r*80  cm.  Key: 
1)  at;  2)  ms. 
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Curves  of  the  dependence  of  pressure  on  the  angular  coordinate  8 
when  r*40  cm  and  80  cm  are  given  on  Fig.  5.  From  the  curves  it 
follows  that  the  pressure  receives  the  maximum  value  when  8*90°, 
reaching  minimal  values  when  8«180°  and  0°.  It.  follows  to  note  a 
certain  assymetry  of  pressures  relative  to  the  direction  8*90°, 
which,  apparently,  is  connected  with  design  characteristics  of  the 
discharge  device.  A  comparison  of  the  curves  for  different  distances 
shows  that  at  distances  closer  to  the  channel,  the  maximum  of 
pressure  when  8=90°  is  more  greatly  expressed.  This  means  that  with 
departure  of  the  shock  wave  from  the  channel,  the  angular  dependence 
of  pressure  is  weakened,  and  the  pressure  field  approaches 
spherically  symmetric. 


Fig.  5. 
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Pig.  5.  Dependence  of  pressure  on  the  angular  coordinate  6. 


The  electroacoustic  efficiency  ^  is  determined  as  the  ratio  of 
energy  of  the  shock  wave  moved  through  a  sphere  with  a  radius  of  0.8 
m  to  the  energy  stored  in  the  storage  capacitance  of  the  circuit. 

To  explain  the  energy  of  the  shock  wave,  the  area  of  the  sp  re 
is  divided  into  11  zones.  The  pressure  pulse  was  considered 
symmetrical  with  respect  to  the  axis  of  the  discharge.  The  pressure 
was  determined  as  an  average  in  the  center  of  each  zone. 


For  each  zone  the  energy  was  calculated  according  to  the  formula 


-1— Spilth 
pgc0  Lu  1 


where  S j,  is  the  area  of  the  zone,  P,  -  the  pressure,  Po^o  -  the  wave 
impedance  of  the  water,  and  At  -  the  time  interval  during  which  the 
pressure  did  not  undergo  significant  changes  and,  therefore,  could  be 
taken  as  constant.  The  pressure  pulse  was  divided  into  20-30  such 
intervals. 


The  total  energy  was  found  as  the  sum  of  the  energies  moved 
through  all  the  zones. 


Besides  the  electroacoustic  efficiency,  we  calculated  the 
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so-called  electrohydrodynamic  efficiency  for  the  stage  of  the 
steady-state  expansion  of  the  channel  (%),.  equal  to  the  ratio  of  the 
energy  of  the  shock  wave  to  the  energy  introduced  into  the  channel  in 
this  stage.  Obtained  in  reference  [5]  is  the  theoretical  formula  for 
the  calculation  of  the  electrohydrodynamic  efficiency. 


In  this  investigation  the  electrohydrodynamic  efficiency  was 
determined  as  the  ratio  of  the  energy  of  the  shock  wave  to  the  energy 
released  into  this  channel  during  the  build-up  of  electrical  power. 
Power  curves  plotted  on  current  and  voltage  oscillograms  were  used 
for  the  calculation. 


Results  of  the  measurements  are  given  in  the  table. 
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From  the  obtained  data  it  follows  that  the  electroacoustic 
efficiency  for  the  investigated  modes  varies  from  5%  to  12%. 

By  analyzing  the  results,  it  is  possible  to  draw  the  conclusion 
that  ^  depends,  first  of  all,  on  the  nature  of  the  discharge;  the 
highly  periodic  discharges  possess  low  efficiency.  The  same  pertains 
to  the  purely  aperiodic  discharge  (mode  No.  6). 

The  maximal  efficiencies  take  place  for  the  transient  discharges 
with  2-3  periods  of  current.  Quantity  is  increased  with  a  decrease 

in  capacitance  at  constant  voltage  and  length  of  the  discharge  gap  l. 

A  comparison  of  the  power  curves  obtained  for  the  different 
modes  with  values  of  v  and  also  ^  shows  that  the  modes  possessing 
high  efficiencies  have  a  well-marked  linearity  of  the  increasing  part 
of  the  power  curve.  Modes  Nos.  1-6  possess  the  least  efficiencies. 
Curves  of  electrical  power  corresponding  to  these  modes  are 
distinguished  by  a  considerable  nonlinearity  of  the  ascending  part, 
which  hinders  the  theoretical  calculation  of  the  electrohydrodynamic 
efficiency. 

From  the  obtained  results  on  the  investigation  of  efficiency, 
the  following  conclusions  can  be  drawn: 
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1.  Electroacoustic  efficiency  of  an  underwater  discharge  for  the 
investigated  modes  does  not  exceed  12%. 

2.  Transient  discharges  with  two  to  three  half-periods  of 
current  possess  the  greatest  efficiency. 

3.  The  efficiency  is  decreased  with  an  increase  in  the  storage 
capacitance. 

Manuscript  received:  initially  on  16  November  1967  and  after  revision 
-  20  February  1968. 
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